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Structure of kinefic reconnection
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Magnetic field lines from
2D kinetic (PIC) simulation




Structure of kinetic reconnection
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How to identify the dissipation region? (1/2)

Magnetotail reconnection
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How to identify the dissipation region? (2/2)

Generalized dissipation measure
D, = 76[j ' (E_I've X B) - pc(ve . E)]

J- (E + Ve X B)
[Zenitani et al. 2011 PRL]

30 35 40 45 50

J-E=(jxXB): vy + D.

Work by Lorentz force (Idedl MHD) ‘ Nonidedl energy transfer ‘

x10 1

3 0,719

3 044
3 —o144

3 -0,431

~d -0,719



http://dx.doi.org/10.1103/PhysRevLett.106.195003

GEOTAIL

e 12s datasets
e LEP 3D moment data (ni, vi, Ve)
 EFD data (Ex, Ey)
e MGF data (B)




Electron jet events
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e Only three events with electron overshoot in 2000s
e 2003-05-15, 2007-05-05, 2010-08-28




The 2003-05-15 event [Nagaietal. 2011 JGR]
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e The best reconnection event ever

* 15 May 2003, 1050 - 1100 UT
e (X, Y, Z)=(-27.8, +3.3, +3.5 Rg
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http://dx.doi.org/10.1029/2010JA016283

Nonideal dissipation

Approximate measure

Dy [ve X Blz) + jy(Ey + [ve X Bly)
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EFD Instrument
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Plasma Wave
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EFD data during 1057:45UT-1057:58UT

EFD raw data , , k..
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e We examine EFD raw data throughout the 2003-05-15 event

 We correct E by dropping two invalid 3s-data
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Nonideal dissipation

Nelejordnpeliziapsotliisll D =~ ju(Ep+ [ve X Blz) + jy(Ey + [ve X Bly)
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Observation vs Theory

e Observation
e Retreat speed: ~100 [km/s] (Nagai et al.) = Length: 2400-3600 [km]
e Dissipation rate: 45 [pWm™]

e Theory Dissipation [pWir™) Plasma velocty ks
e Length (20de): 1000-2000 [km]  wf -
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e Dissipation rate: <160 [pWm™3] ™
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Lorentz work
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Lorentz work: W= (| x B ). v;

Geotall PIC simulation: 1D cut
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PIC simulation: 2D snapshot

t= 36.0 x10 ©
e Positive over reconnection region = ==

e Strong at a dipolarization front
(tangential discontinuity)
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Summary

o Geotail observation of M'tail reconnection on 2003-05-15
— Plasma moment data
— EFD raw data

e Reconnection signatures
— Plasma flow
» — Electron overshoot

— Dissipation measure De
e — Dissipation region

— Lorentz work W
e — Dipolarization front

e Observation vs Theory: Reasonable
e First detection of the dissipation region in a planetary M'tail




MMS mission (2014~)

» MAGNETOSPHERIC //
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* Higher time resolution (100x beftter: 30 msec. < 125 [3 5])
e Better moment dataq, full 3 components of E
» = We will be able to see clearer pictures of the critical regions
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